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(54) OPTICAL BRANCHING/COUPLING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To make reducible or preventible 
the loss of light caused by the diffusion of a light diffusing part. 
SOLUTION: Light transmitted an entrance side optical fiber 14 
outgoes from the optical fiber 14 at the diffusing angle A=18.7 
degrees, then enters a light diffusion part. When parallel light 
enters the light diffusing part 18, the parallel light is diffused 
into the diffusing angle B=20 degrees by the diffusing 
characteristics of the Gaussion distribution. When the difussion 
light of the diffusing angle A=18.7 degrees enters the light 
diffusing part 18, the diffusing light is further diffused into the 
diffusing angle 27,3 degrees. Hereupon, since the angle C 
decided by the numerical aperture NA of an entrance side 
optical fiber 16 is set to 27.3 degrees or more, light diffused by 
the light diffusing part 18 is totally reflected within the optical 
fiber 16. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 

rejection] 

[Kind of final disposal of application other than the 

examiner's decision of rejection or application 

converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 
[Date of extinction of right] 



07.10.2003 



http://wwl9.ipdl.ncipi.go.jp/PAl/result/detaiymain/wAAA5AayGXDA41307 9/13/2006 



• JP,200 1-074966, A [CLAIMS] 



Page 1 of 1 



* NOTICES * 

iTPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The translucency medium which transmits the light diffused in this optical diffusion section while 
having the optical diffusion section which diffuses incident light with the diffusion property of Gaussian 
distribution, At least one or more incidence light guide lines which transmits light to said optical diffusion 
section, and at least one or more outgoing radiation light guide lines which transmit the light by which 
outgoing radiation was carried out from said translucency medium, The include angle C decided by 
numerical aperture of said outgoing radiation light guide line is a formula (1) to B whenever [ diffusion 
angle / of the diffused light diffused in this optical diffusion section when the divergence include angle A of 
light and parallel light which are the optical branching coupler which consisted of ******, and are emitted 
in said incidence light guide line carry out incidence to said optical diffusion section ]. 
[ Equation 1] 
Va 1 * B 2 * c (l) 

The optical branching coupler characterized by being satisfied. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical branching coupler which branches a lightwave 
signal to two or more optical fibers, or brings together the lightwave signal from two or more optical fibers 
in one lightwave signal. 
[0002] 

[Description of the Prior Art] The multimicroprocessor system which combined two or more 
microprocessors is increasing in recent years, and an optical fiber came to be used as the data transmission 
line of this interprocessor. Here, in order to connect two or more interprocessors using an optical fiber, the 
optical branching coupler which branches to two or more optical fibers, or brings together the lightwave 
signal from two or more optical fibers in one optical fiber is needed. 

[0003] As a conventional technique, as shown in drawing 7 , the optical branching coupler 60 is indicated by 
JP,7-209543,A. This optical branching coupler 60 equips the four-directions side of the core section 50 with 
a large refractive index with the mixing section 56 which the clad section 52 of a refractive index smaller 
than the refractive index of the core section 50 joined optically. Moreover, the reflector 54 is formed in one 
end face of this mixing section 56. And two or more optical fibers 58 which transmit a lightwave signal have 
combined with the end face in which the reflector 54 of the mixing section 56 was formed, and the end face 
which faces each other optically. With this optical branching coupler 60, one input beam of light can be 
branched with high degree of accuracy to the beam of light of the number of arbitration by taking the die 
length of the mixing section 56 enough. 

[0004] Moreover, as shown in drawing 8 , the optical branching coupler 74 is indicated by JP,9- 184941, A. 
This optical branching coupler 74 is equipped with the bundle section 68 which bundled the optical fiber 62 
and was fixed, and the light reflex means 66 is formed in a part of that end face 64. And the mixing section 
70 is in contact with the end face 64 of this bundle section 68. Furthermore, the optical diffuse reflection 
means 72 is arranged in the other-end side of the mixing section 70. Since the multiple echo of it is carry out 
in the mixing section 70 and the lightwave signal inputted since the light reflex means 66 of a bundle side 
mirror was formed in the field which the bundle section 68 and the mixing section 70 join the whole surface 
other than the core part of the optical fiber 62 of the bundle section 68 is not emit outside in any forms other 
than output light until it serves as output light , it is small in loss , and in this optical branching coupler 74 , a 
lightwave signal can transmit efficiently . 

[0005] In addition, although not illustrated, the optical star coupler which branches to two or more optical 
fibers is proposed by diffusing the lightwave signal by which incidence was carried out to the translucency 
medium from two or more optical fibers by the optical diffusion section, and transmitting it by low cost, as 
an optical branching coupler which performs low loss branching association. In this optical branching 
coupler, in order to make a branching ratio into homogeneity, it has prepared combining the mixing section 
and the optical diffusion section. 
[0006] 

[Problem(s) to be Solved by the Invention] However, when light guide lines, such as an optical fiber, are 
combined with the optical diffusion section, a problem as shown below occurs. 

[0007] That is, outgoing radiation of the light by which the light guide was carried out with the optical fiber 
is carried out at the include angle decided by the numerical aperture NA. Although the light by which 
outgoing radiation was carried out with this optical fiber is diffused in the optical diffusion section, in order 
to lessen loss, when it is going to gather permeability in the case of the optical diffusion section of a 
transparency mold, it comes to have directivity in that diffusion property. When directivity is in the 
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diffusion property of the optical diffusion section, there is inconvenience from which the diffusion property 
of the optical diffusion section differs by the case where incidence of the parallel light is carried out, and the 
case where incidence of the divergence light is carried out. 

[0008] Here, as shown in drawing 6 (A), the divergence include angle of the outgoing radiation light from 
the optical fiber 76 by the side of incidence is decided by the numerical aperture NA of an optical fiber 76, 
and sets this divergence include angle with A (A of numerical-aperture NA=sinA is pointed out). Moreover, 
as shown in drawing 6 (B), a diffusion angle in case the parallel light L carries out incidence to the optical 
diffusion section 78 with the diffusion property of Gaussian distribution is set with B. 
[0009] When the light emitted at the divergence include angle A carries out incidence to the optical 
diffusion section 78 at this time, light is a formula (2) as shown in drawing 6 (C). 
[ Equatio n 2] 
J? 7 !? (2) 

It is spread in ****** 

[0010] If it follows, for example, the numerical aperture NA of the optical fiber 76 by the side of incidence 
and the optical fiber 80 by the side of outgoing radiation uses the same thing The diffusion angle of the light 
which penetrated the optical diffusion section 78 becomes larger than the include angle A decided by 
numerical aperture of the optical fiber 80 by the side of outgoing radiation. The light (slash section in 
drawing) of the part used as a bigger include angle than the include angle A decided by the numerical 
aperture NA of the optical fiber 80 by the side of outgoing radiation will be lost without carrying out total 
reflection within an optical fiber 80, even if it carries out incidence to 80 in an optical fiber. 
[001 1] Then, this invention makes it a technical problem to offer reduction thru/or the optical branching 
coupler to lose for loss of the light produced by diffusion of the optical diffusion section by carrying out 
total reflection of all the light diffused in the optical diffusion section in an outgoing radiation light guide 
line. 
[0012] 

[Means for Solving the Problem] The translucency medium which transmits the light diffused in this optical 
diffusion section while having the optical diffusion section which an optical branching coupler according to 
claim 1 has the diffusion property of Gaussian distribution, and diffuses incident light, At least one or more 
incidence light guide lines which transmits light to the optical diffusion section, and at least one or more 
outgoing radiation light guide lines which transmit the light by which outgoing radiation was carried out 
from the translucency medium, The include angle C decided by numerical aperture of an outgoing radiation 
light guide line is a formula (1) to B whenever [ diffusion angle / of the diffused light diffused in the optical 
diffusion section when the divergence include angle A of light and parallel light which are the optical 
branching coupler which consisted of ******, and are emitted in an incidence light guide line carry out 
incidence to the optical diffusion section ]. 
[ Equation 3] 

y[A } * B 2 * c (1) 

It is characterized by being satisfied. 

[0013] According to this configuration, it emits in an incidence light guide line at the divergence include 
angle A (the include angle A decided by numerical aperture of an incidence light guide line), and incidence 
of the light which has transmitted the incidence light guide line is carried out to the optical diffusion section 
at this divergence include angle A. 

[0014] By the way, if parallel light carries out incidence of the optical diffusion section of a translucency 
medium, this parallel light will be diffused at the include angle of B whenever [ diffusion angle ] with the 
Gaussian distribution property of the optical diffusion section. Therefore, when the diffused light emitted at 
the divergence include angle A carries out incidence to this optical diffusion section, this incident light is a 
formula (2). 
[ Equatio n 4] 
Ja^Y 2 (2) 

It is spread in ******. 

[0015] It is [Equation 5] which the include angle C (C of NA=sinC is said.) it is decided with its numerical 
aperture NA in this equipment that an outgoing radiation light guide line will be mentioned above here. 
l^W (2) 
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It is above. 

[0016] Therefore, even if light diffuses in the optical diffusion section, this diffused light is transmitted, 
incidence of those all being carried out to an outgoing radiation light guide line, and total reflection being 
carried out in an outgoing radiation light guide line. For this reason, loss of light can be prevented. In 
addition, also in the case of an unit, two or more cases are sufficient as the above-mentioned incidence light 
guide line and an outgoing radiation light guide line. 
[0017] 

[Embodiment of the Invention] Hereafter, with reference to an accompanying drawing, the optical branching 
coupler concerning the 1st operation gestalt of this invention is explained. Drawing 1 is drawing showing 
the whole optical branching coupler configuration of this invention, (A) is the top view and (B) is a side 
elevation. 

[0018] As shown in drawing 1 , the optical mixing section 12 which is a sheet-like translucency medium, at 
least one or more optical fibers 14 which are the incidence light guide lines arranged at the incidence side of 
this optical mixing section 12, and at least one or more optical fibers 16 which are the outgoing radiation 
side light guide lines arranged at the outgoing radiation side of the optical mixing section 12 are combined 
optically as a whole, and the optical branching coupler 10 is constituted. 

[0019] The optical mixing section 12 consists of a comparatively high core layer of a refractive index, and a 
cladding layer with a refractive index smaller than the refractive index of this core layer. The plastic sheet of 
width of face of 6mm, die length of 30mm, and thickness 1mm magnitude is used for the optical mixing 
section 12. 

[0020] Moreover, the optical diffusion section 1 8 which diffuses the outgoing radiation light from an optical 
fiber 14 is formed in the incidence side of the optical mixing section 12. Had the diffusion property of 
Gaussian distribution, for example, this optical diffusion section 1 8 is Physical. Optics It is formed with the 
diffusion film of the transparency mold made from Corporation, and this transparency mold diffusion film 
has pasted the end face of the optical mixing section 12. B is 20 degrees (mesial magnitude full width 
becomes 40 degrees) whenever [ diffusion angle / which the parallel light which carried out incidence to this 
optical diffusion section 18 diffuses ]. 

[0021] On the other hand, the surroundings of the core section with a diameter of 0.98mm are given to 
plastics etching primer recoating around the clad section in the clad section at a package and a pan, and the 
optical fiber 14 which is an incidence side is constituted, and is formed with a diameter of 1mm in the shape 
of a cylinder as a whole. Moreover, the numerical aperture NA is 0.32. 

[0022] Moreover, although the surroundings of the core section with a diameter of 0.98mm are given to 
plastics etching primer recoating around the clad section in the clad section at a package and a pan, the 
optical fiber 16 by the side of outgoing radiation is constituted and it is formed with a diameter of 1mm in 
the shape of a cylinder as a whole, the thing of 0.5 is used for the numerical aperture NA. 
[0023] In addition, it has prevented that the signal light transmitted from the optical fiber 14 by the side of 
incidence loses in the optical mixing section 12 by making the numerical aperture NA of the optical mixing 
section 12 larger than the numerical aperture NA of the optical fiber 16 by the side of outgoing radiation. 
[0024] Next, an operation and effectiveness of this operation gestalt are explained. 

[0025] In the following explanation, actually, the optical fiber 14, the optical diffusion section 18, and the 
optical fiber 16 which are shown in drawing 2 contact, respectively, and although optical coupling is carried 
out, they detach and express the distance between between the expedient tops, the optical fibers 14, and the 
optical diffusion sections 18 of explanation, the optical diffusion section 18, and an optical fiber 16. 
[0026] The signal light which carried out outgoing radiation from the light emitting device which is not 
illustrated is transmitted to the photo detector which diffuses in the optical diffusion section 18, carries out 
incidence to the optical mixing section 12, and carries out incidence to the crepuscular-rays fiber 16 and 
which is not illustrated, after spreading the inside of an optical fiber 14. 

[0027] By the way, generally numerical aperture NA serves as an include angle it is expressed with sintheta 
(NA=sintheta) and it is decided with numerical aperture NA that theta at this time will be. Therefore, the 
signal light which transmitted the core layer of the optical fiber 14 of a numerical aperture 0.32 is emitted at 
the include angle of A(A at the time of considering as NA=sinA) = 18.7 divergence include angles. And 
incidence of the signal light is carried out to the optical diffusion section 1 8 as a divergence light. Here, for 
the optical diffusion section 18, since it has the diffusion property of Gaussian distribution, when whenever 
[ diffusion angle / when parallel light carries out incidence to the optical diffusion section 1 8 ] is set to B, D 
is a formula (3) whenever [ diffusion angle / when the divergence light of the divergence include angle A 
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carries out incidence ]. 
[Equa tion 6] 

D = X /Z^F (3) 
It becomes. 

[0028] Therefore, in this operation gestalt, the signal light which carried out incidence to the optical 
diffusion section 18 is diffused at the include angle of D= 27.38 degrees whenever [ diffusion angle ]. 
[0029] Here, with this operation gestalt, the numerical aperture NA of the optical fiber 16 by the side of 
outgoing radiation is written as 0.5, and the include angle C (C at the time of considering as NA=sinC) 
decided by this numerical aperture NA turns into 30 degrees, and becomes larger than D= 27.38 degrees 
whenever [ diffusion angle / of the signal light diffused in the optical diffusion section 18 ]. For this reason, 
after the signal light diffused in the optical diffusion section 1 8 repeats total reflection within the core layer 
of the optical mixing section 12, incidence of it is carried out to an optical fiber 16, and it carries out total 
reflection within an optical fiber 16. 

[0030] Thus, since total reflection can be carried out within an optical fiber 16 by making it larger than D 
whenever [ diffusion angle / of the signal light which diffused the include angle C decided by numerical 
aperture of an optical fiber 16 in the optical diffusion section 18 as mentioned above ], loss by diffusion of 
the optical diffusion section 1 8 can be reduced thru/or prevented. 

[0031] Moreover, since the signal light which spread the optical mixing section 12 carries out total 
reflection of the inside of an optical fiber 16 even if the same [ the include angle C decided by the numerical 
aperture NA of an optical fiber 16, and whenever / diffusion angle / of the signal light diffused in the optical 
diffusion section 1 8 ] in D, loss resulting from diffusion of the optical diffusion section 1 8 can be prevented. 

[0032] In addition, as an incidence light guide line and an outgoing radiation light guide line, by using 
optical fibers 14 and 16, the transmission efficiency of signal light can be turned small up, and it is light, and 
is easy to bend, and arrangement degrees of freedom, such as a light emitting device, can be raised. 
[0033] Next, the optical branching coupler of the 2nd operation gestalt of this invention is explained. 
[0034] Although it changes to the optical mixing section 12 of the shape of a sheet of the 1st operation 
gestalt and differs from the optical branching coupler 10 of the 1st operation gestalt at the point using the 
optical cylinder-like mixing section 22 in the optical branching coupler 20 of this operation gestalt as shown 
in drawing 3 , other configurations are the same, are omitted suitably and explained below. 
[0035] Moreover, the optical diffusion section 24 whose B is 20 degrees whenever [ diffusion angle ] is 
formed in the optical mixing section 22 by the optical branching coupler 20 of this operation gestalt like the 
optical branching coupler of the 1st operation gestalt, further, a numerical aperture NA is used for the 
optical fiber 26 by the side of incidence, and the thing of 0.5 is used for the optical fiber 28 by the side of 
0.32 and outgoing radiation for the numerical aperture NA. 

[0036] Also in the optical branching coupler 20 of this operation gestalt, since it set up so that it might 
become larger than D whenever [ diffusion angle / of the signal light which diffused the include angle C 
decided by the numerical aperture NA of the optical fiber 28 by the side of outgoing radiation in the optical 
diffusion section 24 ], the same effectiveness as the optical branching coupler 10 of the 1st operation gestalt 
can be acquired. 

[0037] Next, the optical branching coupler concerning the 3rd operation gestalt of this invention is 
explained. 

[0038] Moreover, as shown in drawing 4 , in the optical branching coupler 30 of the 3rd operation gestalt of 
this invention, the optical mixing section 32 of a prism configuration is used. In addition, although the 
optical mixing section 32 of the square pole is used with this operation gestalt, it may not be limited to this 
but the thing of multiple column configurations, such as a pentagonal prism and a hexagonal prism, may be 
used. 

[0039] Moreover, the optical diffusion section 34 whose B is 20 degrees whenever [ diffusion angle ] is 
formed in the optical mixing section 32, and a numerical aperture NA can acquire further the effectiveness 
as the 1st operation gestalt that a numerical aperture NA is the same by using the thing of 0.5, as an optical 
fiber 36 by the side of incidence as an optical fiber 38 by the side of 0.32 and outgoing radiation. 
[0040] In addition, with each above-mentioned operation gestalt, although an optical fiber is used as an 
incidence light guide line and an outgoing radiation light guide line, if numerical aperture NA can be 
defined and the light guide of the light is carried out, it will not be restricted to this. 
[0041] As shown in drawing 5 (B), moreover, by making the optical fiber 40 by the side of outgoing 
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radiation into a prism configuration The clearance (shadow area in drawing) produced when arranging the 
cylindrical shape-like optical fiber 42 side by side, as shown in drawing 5 (A) can be lost. Since incidence of 
all the signal light that carried out outgoing radiation from the optical mixing section 32 can be carried out 
into an optical fiber 40, joint loss with the optical mixing section 32 of a prism configuration can be 
reduced. 

[0042] In addition, in this drawing, although the cross section of an optical fiber 40 showed the square-like 
thing, as long as it is not restricted to this but is arranged without a clearance, the thing of a triangle and a 
hexagon may be used. 

[0043] In addition, although the example which branches the signal light from the optical fiber 14 by the 
side of incidence to two or more optical fibers 16 by the optical diffusion section 1 8 was shown, it is also 
combinable with one optical fiber 16 by mixing the signal light from two or more optical fibers 14 in the 
optical mixing section 12. 
[0044] 

[Effect of the Invention] The divergence include angle A of the light which is emitted in an incidence light 
guide line according to the optical branching coupler of this invention Whenever [ by the diffusion property 
of the optical diffusion section at the time of carrying out incidence of the parallel light / diffusion angle ], to 
B, when the include angle C decided by numerical aperture of an outgoing radiation light guide line satisfies 
a formula (1) Since incidence of the light which carried out outgoing radiation from the translucency 
medium can be carried out to an outgoing radiation light guide line, total reflection can be carried out in an 
outgoing radiation light guide line and it can spread, loss of the signal light produced by diffusion of the 
optical diffusion section can be abolished. 



[Translation done.] 
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£££A (MPfcNA=s inA©A4rffi-f) i*J<„ 

E6 (B) tc^l-iplc, ^^^^©tt^tt 
«r»o*lt»lB5 7 8 K spff*L ^AWf 5»^©tt»[ft 

[0 0 0 9] r©i#, »*ft«A-e»1»Sft53t#3fe 
S£itgl5 7 8 I^AWi-6i. Ill 6 (C) l^-t\fcp£, Jfe 
(±S: (2) 

[»2J 

VZ 7 ^ 7 (2) 

©^ST't£fc^ft5„ 

[0 0 10] Ltiiot, AW«©)t7 7-1'^ <: 

7 6 tffi»ffiij©*7 7-r^8 0 t©BP|(NA#HCO 

^ffl#tH©*77'f^8 0©BBP*t?ft4Sft*AJ:i3 
^<4oTLSlf\ WJWfll©3t7 7-f^ 8 0©BBP« 
NA-e«fc*5ft«AJ:0*#4A*t4ofc^©* (m 
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*<D®%m) (4, tii 3t7r^^F*3 8 OI-AWLT 
[OOll] *3&WI4. 3tt£«!cg|5T-tt«$n/c 

[0 0 12] 

[§iM£$ft1-S £©©#!§:] 1 fclB*©#£tt 

3t*fiaM-5a*ttlt*fc, fti£«tg|5(r#££jf1-S'> 
&<&fcioEU:©AW**l&i:, »3fettH#!0»e)a#t 
S*ifc*S:e*f 5 , >*< i fc 1 o£LL©Uj|ti»#& 

fc, **^^j**iifc*»*tt*si«-eJboT. Alt 

gft&T'3S*£ftS*©3§»i:£«Ai, Ttf***lt» 

ufc t # fc*tt»»-e«« £ft sftfbt©fcft 

* (1) 
[«3] 

jA^B'tc (1) 

[0 0 13] r©«WEK±iltf. Alt*«££itLT 
#fc*tt, A*t**KT3&ftfl«A (Alt*l3fc&©[iP 
«-C*45a«A) t'fflL, r©3Sifc3gAT-)fcii£llc 

[0014] fcr*r, iS*ttlt#o3ttt»»r±w* 

r©Alt*(4, * (2) 

[ft4] 

VZ^fP (2) 

[0015] ::t, *S6Bfc*v^r, UMHMMIiia 

P>©BBn»NAT?ife$Sa£C (NA=s inC©C£ 
[*5] 

[0 0 16] Lfc^ot, 3tKmSl5T-3ti4Si£®:$ttfci: 
LTk, ^©ffifbfcte, -t©£T#fflitiH3felSfcAtt£ 
ft, Wlt»7tS§rtT-^5lt^nooeji$H8 0 r©fc 

«*!&8:t>*ffilt8Ml4, 

[0 0 17] 



4 

[»«©£*©»«] BIT. WWBBtrWRLT. #38 
^©Sf5 l «BWfc«53fc»WW*«fcov^TBH1- 
5. Ill 1 f4#3§W©##ii£&£S«©£M?/&£^1-|I] 
•C&<3, (A) #*©¥ffiB, (B) ^fl|ffiH-C*5. 

[0018] HI fcjjrfj: 5 lc, ##<£&£gg 1 0 

v/SBl 2t, r©3fe5*'»^«61 2 ©AWffiJlcBBtt 

'<14i, ^5*->y^SCl 2©ta#tfliJlcBBB$tifcffl 
>o «H»**"e*>6'>4< itlo«±©3t7r^^i 6 

[0 0 19] 3t5^r->y^g|51 211, ffltff$©it^W« 

J»o*?y KJiitMIMtSiva**. m$i 

2(rf4, flIAtf, 4>g6mm, fi^Omm, ff£lmm 

[0 0 2 0] *fc, 3t5=¥v-^^l 2©Altffla»-H3t 
7r^^l 4 30>6©fflJH*S:tt:ftS*53tttlk«i 8# 
RttMvo**. r©»i5:gl5i 814, xtxMente 

20 $C#tt&«;i;fc, Witf. Physical Op t i 
cs C o r p o r a t i o n|!OgIi©teS7>f;l' 

fV^SBl 2 ©*»-&#£ fl/O^o r©*&tfcg|51 
8tAltLfc¥ff*^t£«r*-5ift«ft*Btt2 Og (¥ 
I^li4 0«i45) T*foS„ 
[0 0 2 1] -7A ASt«©3t7r^f^l 414, jSS 
0. 9 8mm©3Tg|5©tfc>>9^^7 2' KgRT-S^, $ 

-MS*£ft-C«$£*l, MiUilllmmCntt 
30 WcflM£ft-c^5 0 ^©(iP&NAtto. 3 2 

[0 0 2 2] WJW««>*7T'f^l 6(4, \g& 

0. 9 8mm©3rgi5©^t>i!)Sr^7s/ KUlTS*, $ 
e>K*7j/ KSI5©*^'9lr(47°7^^s/^7 0 7'rv!; a 

ftfcflMSftTVSiJS, -e©lP»NA7)S0. 5©t>© 

[0 0 2 3] fcjb\ ftS*^V^$Bl 2 ©SPINAS: 
tti#tfti|©^;7r^^i 6©0BP»NAJ;>) tA#<-T5 
40 ril^ifj, AlttJ©3t7r-r^l 4A»P>eiiLT#fc 
is^rfttf ft?. 2(;::fc^T«£-f5©£|»lt 
LtV5„ 

[0024] rk, *m,Mm<?>mRim%&®.wt 

So 

[0 0 2 5] OT©KM»-*3V^T, 02{C:*1-3t77-< 
/<14, *l£»»l 8X15*77^^1 6(4, H^(C(4 

r-f^i4i*ffiWi 8m, *&|S:gi5i 8i*7r^ 
/< 1 6 P B 1©S§@ll^fi LT^ LTV>5 0 

so [0 0 2 6] ■i*UetSMUIf?*»& Witt fcfS#3t 
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[0 0 2 7] ir5T\ HR&NAfis i n 

e (na= sine) x-mzti, zokzoetfffln®; 

NA"C»45ft*i:*5. Lfci'oT, WiP&O. 3 2 
(NA= s i n At L«©A) = 1 8. 7 £.0% 
tKMl 8(iAW1-5o ftfe«fcg|n 8fi#!7*# 

3S«foJSAJtfUfc*§£©ffi»a&Dtt, SC (3) 
[*6] 

0 = ^/?^ (3) 
[0028] itiSot, **«»»-eit, 1 

8fcA»LfcflHJ-*l*, tttMD=2 7. 38g©S 

*-ett;lR3ii5. 

[oo2 9] ^mmmx'it, m%iw<o%7T 

-f/<i 6©lflR$:NA£o. siLfcfc*, rclPi 

NATfcjfcS^SC (NA=s inCiLfc^OC) 

l± 3 o S £ * 0 . KSfflM l 8 £ ft fc<f ^ft©fc 

ftMD=2 7. 3 8g.k9fc*#<fcS„ r©fc», 
2<D3Tlrt-C'^:SW^ l 9jSt7c:^ > 3t7r^^l6 
[0030] r©.fc5^ 3t7T^^i 6©PBPirc*ifc 

tt*#©il*aitDJ:0fc*#<1-5r&fc.fc9. Jt7 

[00 3 1] 3t7r^^<l 6©iP»NA^ 

a a* c 1 8X'&m$ixtcm^it<o&m& 

[0 0 3 2] fc*i, A*t*3felSXtftti*ti*#*£ UT> 
#7 7^14, 1 6Srfflv>5rtl^J; 0, <f-5§-ft©e 

[0 0 3 3] fcfc, *^©l2»ffi©3tMM^ 
[0034] B 3 [ZTfrT X 0 1, ***»«03t»ttilS 

£8*2 0K*5v>Ttt» in *»$©->- h#©fts 

JS^fctf-C* 1 **#tt©ft#«BB£*« 10tS45 
*©{&©tf|/&lip]i; aS*ttfC»TK» 



(4) 

[0 0 3 5] *fc, *H»®<Ojt^lft^gS2 0 
y^gP2 2(^ttl£fc^aBiJS2 0S<O3ttt»gi52 Aim 

ticZtiXtet), £f>l^ A^fflJ<o*7r-f^2 6frttM 

DftNA^O. 3 2, fflttflJtf^r-fV^ 8(r(4MP 
ItNA^O. 5Wfc©^fflV>?>tLTV^So 
[0 0 3 6] ***»tt©3t^(ftft*8«2 0Kl3^T 
fc. Wltffi!l©3t77'r^2 8©MP^CNAT?gt4SAa 

9 fc**<fc«J:§fcKJfcLfc©-e» £lH»H©ft 
£fg|*6-3$fti 0&|SI*©ab*«r*5r 5. 
[0 0 3 7] fcfc, *ISW©^3HiS»li^53t^ 

[0 0 3 8] 04^1-J;5I-, *%l^©^3^ 

yy%3 2tfm"btlX^Z>> fc*J, *Jtffi£ffi-?H:e9 
Att©3t$^-'>^^3 2iSfflV>P>ixTV''5!i5, rfttc 
RfcSivf. EAtt, *att*©#att«MK©<>©"Cfc 

20 «fcV\, 

[0 0 3 9] 3=fc, ttS*i/V^«S3 2£tti£18:fl£B 
^2 0S©3tt£»Sf3 4^^$*v, S&fc. AWW© 
#77^3 6 tLTPlPftNAriSO. 32,ffl*M»|© 
ft77f'<'<3 8 i: LTMpWA/JSO. 5©fe©*fflV> 
5ri"C. m*ll^ttiH*©&***5wi:#-C* 

So 

[0 0 4 0] &*>\ ±1B*jt*»tt-Ctt. A*t*#l&ft 
so 5t>©-Cli&V\> 

[0 0 4 1] IH 5 (B) fc3H\fc5fc, ffl*H»I© 
*77-f^4 0S:fttt»ttii-Sri:Ki9» H5 
(A) K*i"J:5Kntt»RO*77'f''<4 2tB'<T 

1"'<T3t77W/<4 0rtl-AW$*5-i:-J J- C#5© 
■C. fttt«ttO*?*i'>'*TB3 2£©*S£tl*$Mg« 

[0 0 4 2] lRlliliCfcV^T^4, ^77^^4 0© 

40 KE^Eg^^©t©Sr*Lfci6S. r*v(cpSbtiT . £ 

[0 0 4 3] ftfc, AW«©)t7 7'l'^- ? l 4^P>©fS# 
5«9J^Ufc«s, «»©3fe7 7-f^l 4*»P>©ft#3tSr 

[0 0 4 4] 

»«o»*] **W©*^tt«S^»BR:J:ii«. AW 
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T, tM*£K«>MPft-Cft*:&A£cj:as3; (l) * 

[mi] (a) it, *%wo% 1 

te^HrospffiH-e*)*), (B) i±*©«ffiH-C*>5. 
[02] 3teid*«fcJ:0fc»£ftfcftfc, ffi#t*M^ 

[0 3] ^noJR2|llk]»MKlKSX^ttR#Stt«> 

£#«fi5c0-c*>So 

[0 5] (A) ttH#»H©tMt*3m*fflv*fc»£0> 



(5) 

8 

% %. LtzmX'h <0 , 

(B) ttHA3WrB«9fflW»**tfflv^fc»#©B-C«> 
5. 

[0 6] (A) ttA»»#»-e»tt3ftfcJSttft**L 
T^T-feD, (B) f4**£]R»|ciFfT3fe^AitUfc»* 
(Cj£«!c$H/iffiffi:)t^^Lfc0T-fo'9, (C) tt*it* 

0T*fo£„ 

[0 7] fit*0*^^^i©^«It-fc5„ 
.0 [0 8] ffi*©*£«SB^*©£fl*jSB-eifc5. 



[«F#©KW] 

10, 2 0, 3 0 
12, 2 2, 
14, 2 6, 
16, 2 8, 
18, 2 4, 



3 2 
3 6 
3 8. 
3 4 



4 0 *7 7"f'< (Htf**ttB) 



(A) 



(B) 
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